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(54) 

(57) The present invention relates to a catalyst hav- 
ing general formula (I): 

M[SbOn(OH)2(3-n)]x 

wherein: M represents at least one cation of an elem^ 
Sleeted f ram earth-alkaline metals to ^rpu^ 

HA. 1IIA,VA. or transition metals b^ongmgto^«ui«l^ 

IIIB VB or VIIIB; n represents an integer between 0 and 

2 a^KJ X is an integer between 2 and 5. 

The invention also relates to a P«^*^*^?^_ 

thesis of polyol polyethers which uses a catalyst having 

general fonnula(l). 
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Description 



[00011 The present invention relates to a catel^t 
S general formula (1) and a process tor the synthe- 
ste of polyol polyethers which uses th,s oa^ 
100021 Polyol polyethers are very vetsatle com 

whichLn be used as such or as in^n^^^^^ 
S; the production of compounds of industrial mter^ 
such as Pdyurethanes. detergents or additives for o,lj 
loSs] Polyol polyethers are usually P^epar^ bV 
Sg an all^lene oxide, especially propylene o)ade. 
Sene^ide or their mixtures, with a conpound hav- 
^ aSve hydrogen atoms f.nitiator) in the presence of 
an acid metal or basic alkoxylation catalyst 
SSi Addic catalysts, typically l^s aa^such 

S^jminum trichloride, boron ' 

Sm °riTre^rc:cocata.ystssuchas>^te^^ 
SoisoralMhalWesleadstoanimproveme^^ 
conversion to polymer, but in such a ^^^^'^^^^ 
systems cannot be used on an .ndustnal scale (Merral 

f^'^-U^^.i'X^L^ on me^s^uj as 
ronlnc or aluminum, have a good catalytic actvij. 
Sm^ Examples of metal catalysts are iron ch o- 
;r^lsJ?l^).op«onallyactK,ated>jn^^^^^^^^ 
or aluminum alcoholates (Osgan et ■ 
Sci 34 153). mixtures of aluminum ^"^^f"^ 

complexed with acetylacetone (Vandenberg. 1976. 

rr-^Te"Sa^^ act wHh a coo^inajon 
Knism a^ produce materials generally consisjng 
S^'S^ fraCons: an --orp^.o^^V^^:':^: a 
relatively low molecular weight arjd a ^'V^^^lire 
hiah molecular weight, stereoregular and crystalhne _ 
SsiAsaliquid polyol is required forthesy|*es.s 

of^yurethanes and therefore not siereot^^^^r 
:^rrmoderate molecular weight (norn^^V 
10 000). these catalysts are not deemed suitable, even 
hVugh with these systems one of the end groups of the 
polyols is a halogen or an alkyi groupj^-* « 
nn^vmerizaWe in reactions with isocyanates (F.E. Bailey. 
TThSSS: "ilkylene oxides and th«r pdymers". 
Marcel Dekker inc. (ISSI. chapter 4). 
S Tasic italysts. in P^-'-^^^'"^. 
Ede. are used in industrial precedes for the pr^ 
Son of polyol polyethers which can be u^^^^^^^; 
mediates for the preparation of P°'y"'«*f 
^tlysts however, have a moderate ^^V^jf^ 
and consequently relatively long reaction tmes are 
f?obtaining complete conversion of the pro- 

K^'tfurther disadvantage relates to the forma- 
ion of unsaturated end groups, due to secondary reac 
tions caused by the alkalinity of the medium. 



[001 11 Another group of catalysts P™Pf «^ J^" 
Z literature is that of metal cyanometallates. part«;u^ 
larlv zinc hexacyanoferrate and zinc 
ht'acyanocob^tate. as such (US. 4472560) or modi- 
a tied (EP-743.093). 

[00121 These catalysts produce liquid, amorphous 
So polyethers wHh a suitable molecular weight and 
S a foJunsaturation degree. Their Prepa^ton h^- 

. :^isr:^n:ssSpr^ 
SL^rora^T--^^^^^ 

,5 p^uTafobtained. in addition, these cataiyste^^ 
. ^ anri non-reoroducible induction times causing 
'pToblems rS;^t;°?eac«on control and safety of the 

Soi31 It has now been found that it « PossWe to 
.0 ^ercJme the drawbacks of the ^"^^^"f^ 
above by means of a new group of catalysts based on 

SeSestoagroup of catalysts having generalfomiula(0 



MlSbOn(OH)2(3.n)lx 



(I) 



wherein: M represents at least one cation of an elem^ 
selSed from earth-alkaline metals belonging to grou^ 
tlA^J^Hr transition metalsbelongingtogrouf^llB 
„rB. VB or VIIIB: n represents an integer between 0 and 
35 2 and x is an integer between 2 and 5. 

n^l M islp^eferaWy selected from magnesium. 
Km. sToiiSn. barium, aluminum, tin t« 
«^halt ron zinc or combinations of these. Partuailarly 
the purposes of the present i^ention are 
40 Zinc and aluminum or combinations of *ese^ 

P)0171 The catalysts (1) of the presertim^^on can 
be oreoared with known techniques startng from a 
Sdr<^y^^^>oniate of an alkaline me^ and an organic 
or inorganic salt of a metallic catonM. 
45 SwS The synthesis of the catalysts having gen- 
SS imulawTtypically carried out by putting the 
Snp^nents in contact under light stirnng, in an aque^ 
Tus «)lution . at a temperature ranging ^o"^ 25 to 
?S'apreferably between 50-C and 90'C, for a penod 

fooVar'T^Te^way in which the various co^^^^^ 
Se put in contact wrth each other, is not <^ca^^ow- 

Sn.S, I molar m«o MS. ranging <«m 10 10 1 . 
erably between 5 and 1. 
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[00201 The suspended solid is then separated by fil- 

loOzT] The compound thus obtained can be 
washid with an organic solvent to totally or partly 
TerLe the imbibftion and/or crystallizaton water. At t,e 
enXe catalyst is dried at temperatures ranging from 
20°C to 80°C and for times of 1 to 24 houre^ 
100221 ThecatalystofthepresentinventK)n.sa<^^e 
n^lesis processes of polyol polyethers by the reac- 
«o?of aTalMene oxide with one or more compounds. 
S<SSS5?e term initiators, capable of promofng 
the formation of hydroxyalcohol end groups. _ 
10023] The alkylene oxides are seeded from 
eptahlorohydriri. propylene oxide, ethylene oxide, 
butene oxide or their mixtures. ^^^^ie 
rao241 The quantity of oxide used in the process is 
Sed in^e^onrihe molecular weight de«red for 

l^oaCM- are water or polyf^J^naJ 
Licohils with from 2 to 20 carbon f P^^^^^'^ J 
from 2 to 10 carbon atoms, or polyols with a molecular 
weight of less than 1 .000 daltons. 
ro(K61 Examples of initiators are: glycols a^ch as 
STeximple. ethylene, propylene, bu^rtene glycoKdote 
such as 1 3-propanediol. 1 .4-butaned.ol. 1.6-hexane- 
S c^clohi^r,So..cydohexan^imethan^^^ 
edimSthanol; aromatic diols such as ^roq^^one 
methylhydroquinone. catechol. resor^no^napMf^^^ 
diol.d.hydroxybiphenyl:aliphatcpolyfunrtona^^^^^^^ 
^uch as Qlvcerine. pentaerythritol. trimethylolpropane or 
arSt^to su* as for example pyrogallic acid: sugar 
dS^JSs(jrn.oseorhexose)suchasso*itol.mann.- 

Sydro=^roJionrt^«>xyWtanoic. Mr^^'exano.c. 
MSenzoic. dtric. tartaric acid. Anally po yfunc- 
tional^ines can also be used. 
amine, tetramethylenediamine. hexamyiyler^^.ne. 
isophoronediamine. benzenediamine. diaminotophenyl. 
%m Theselectionoftheappropriatelnitiatoralso 
Henends on the polymer to be prepared. 

F?r SnSte. bifunctional initiators are pa^ 
Sy suitable for the preparation of polyol polyethers 
S ci^ be used for the production of polyurethane 

[Sr'^The quantrty of catalyst used <^n varywjWn 
LiS limits, but generally ranges from 0.001 to 0.01 
moles per mole of monomer. ^ 

The polymerization can be 
Lorinthepresenceofahydrocarbonsohjrt^^^^ 
for example, toluene, benzene. ^^^-^S^"^^ 
cumene or an ether solvent such as propj^. 
isopropylic butylic ether. ^t^^Vdrofuran 
S diiriethoxyethane. dimethoxypropane. dimethoxyb 
utane or diethatyethane. 



[0032] The temperatures used in the 9^°^^^ 
presert invention are generally v^^f;^"^^,^'.^'^^^ 
of 50-C to 180»C. preferably f-om 80 C to l^^^he 
reaction is normally carried out in a ^^^^^f, 
s pressure which generally does not exceed 8 atms. pref 
erablySatms. 

[0033] According to another embodiment the 
pd^erization can be preceded by a treajr^nt step erf 
me ratalyst with the initiator at tempera^res r j^ging 
10 from25-Cto120-Candfbrtimesrangingfrom0.5to30 

p*Sl When the ^^^^^^^^"^"^^1^1 
^talyst can be removed from the product by m^s of 
the wnventional techniques such as. fbr example, f iltra- 



JSssi The process of the present invention can be 
carried out batchwise or in continuous. 
S Thepolydsobtainedwiththeprocess^the 

present invention were characterized by m«ar« ^ 
20 SuclearmagneticresonancespecJ<^owtod^^^ 
the degree of stereoregularity and by d'fferer*al scan 
ning calorimetry to identify the melting ponrrt. The p od- 
S proved to be liquid and therefore w*. no mating 
point NMR analysis showed that the products are not 
25 stereoregular (atactic). ^^a^ a ijetter 

100371 The following examples provide a letter 
Illustration of the present invention but in no way limit the 
scope of frie invention itself. 

30 PVAMPLE 1 



r00381 4.21 g of KSb(OH)6 (16 mmoles) are dis- 
35 SinallitreglassbeakercontalningAOOmlofdis- 

JSotr^' src;nd solution is partially prepar«l by 
SUl1.9gofZn(N03)2-6HaO(40mmo^)jn30 
ml of distilled water at 75-C. This ^olujon « *en^ 
« to the first under vigorous stirring, and the*®"^""^! 
is maintained at 75"C for 20 ^^^J^^f^ 
subsequently slowly brought to 20-25-C 0" abou^^l 
hour) under constant stirring and is kept at this temper- 

« S,r^"rr«S.nedis«,enfi.ter^.washe^ 
S^wilh 30 ml of water and dried in an oven at 50 C 

Si^r%.13gofapowderywhHesoMareoW^^^ 
which upon elemental analysis has the fol- 
50 lowing results: Zn 12.7% and Sb 46.9%. 

gYAMPLE 2 
qy^hoeicn^ ratal vstC 

[0042] 3.95 g of KSb(OH)6 (15 mmoles) are dis- 
solved at 80'C in 500 ml of distilled water. 
Sis A solution of 7.6 g of AI(N03)3 • 9H2O (20 



3 



EP 1 002 821 A1 



mmoles) in 25 ml of distilled water at 70-C. is parellelly 
pr^ei. -mis solution is then added to the f^t unde 
Sig^us stirring, and the temperature .s "^^^ 
BO'C for 20 minutes. The solution is subs«iuently 
slowly brought to 20-25'C (in about 1 hour), under ron- 
stertsSrrinSandiskeptatthistemperatureibrabout24 

ImImI The solid obtained is then filtered, washed 
SSiSO ml of water and suspended in 20 ml of dioxane. 
TfterVatration. the solid is washed again dK«ane 
and after filtration, is dried at room temperature for 8 

P^'* ' g of a powdery white solid are obtained 
Ljailia "PO" e'emental analysis has the fol- 
lowing results: Al 3.95% and Sb 48.7%. 



qy^i»eicofr.atalvstD 

100461 4.21 g of KSb(0H)6 (15 mmoles) are dis- 
solved at 80-C in 500 ml of distilled vrater. 

[00471 Parallelly. 9.96 g of Co(00^,p^^^^ =«h 
rrn!noles)aredissolvedin10mlofdistill^waterand 

10 ml of concentrated HCI at room temperature. 
00481 The mixture is evaporated unt.1 rt becomes 
dryand 20 ml of water are added; this procedure .s 
repeated twice until the vapours released from the solu- 
fowS' solution is then added to thefij under 

^goSus stirring, and the temperature is ma^tamed at 
M°c for 20 minutes. The solution Is subsequently 
S,^y brought to 20-25-C (in about 1 hour), under a.n^ 
Sstirring and is kept at this temperature for about24 

ro^i The solid obtained is filtered, v^rashed with 
S30 ml) and su^ended t^ce in 20 m^*«;^«^ 
After filtration, the solid is washed ^ga." ^''"J"^ 
and after filtration, is dried in an oven al 50 C for 6 

SS] 5.68 g of a powdery pink solid are otoned 
Ualkfi) which upon elemerrtal ^y«s has the fol- 
lowing results: Co 10.96% and Sb 46.08%. 

FyAMPLE4 



hours. ^ . . 

[00551 The solid obtained is filtered and washed 
with water (30 ml twice). After filtration, the solid is fil- 
tered and then dried at 50°C for 6 hours 
, 100561 4.00gofapowderywhrtesolidareol^.ned 

(catalysts which upon elemental ^nalj^ the 
ISiSg^lts: Al 0.663%. Zn 28.04% and Sb 47.6%. 

FXAMPLE 5 

'° [0057] 0.06 g Of catalyst A and 1.0 g Of ethylene gly- 
col are charged into a 25 ml reactor, equipped witin rnag- 
netic stirring devices and a heat e^^hanger (oil ba^)^ 
The water present Is then removed by reducing the 
IS pressure to 0.001 atms for 30 minutes. The pressure is 
S,en re-established by the introduction n'trog^" 
the mixture is heated in an inert atmosphere to 1 00 C 
for 1 hour, under magnetic stirring. reactor is 
brought to a temperature of 25-C. 10 ml of proRjene 
20 oxide (PO) are added in a nitrogen atmosphere and the 
mixture is heated to lOO'C for 2 hours. 
[0058] The non-reacted PO is removed from the 
eactiin mixture under conditions of reduced pressu a 
100591 3.72 g of polyol are obtained, corresponding 

25 to a conversion of 33%. j-, ..^ „uv, inn 

raofiOl The polyol thus obtained IS diluted with 100 
Sof acetone, filtered on an alumina bed to sepamte 
the catalyst and then subjected to a pressure of 0.001 
atms to evaporate the solvent 



[0052] 3 95 g of KSb(OH)6 (15 mmoles) are dis- 
solved at 70-C in 350 ml of distilled water ' 
[0053] A solution of 2.68 g of Zn(N03)2 6H2O (9 
mmolU and 0.38 g of mO^h'SHf^ ^^r^^ 10 
ml of distilled water at 70-C. is P^^'^ P^-^ff ^^.^ 
[0054] This solution is then added to the fnjunde^ 
SJg^Sus stirring, and the temperature « 
70-C for 15 minutes. The solufion is subs^^Y 
slowly brought to 20-25'C On about 1 hour), under «)n- 
stertstirrinSand is kept at this temperature for about24 



FXAMPLE 6 

[00611 The reaction is carried out under the same 
Conditions described in example 5. 
35 S^ene glycol. 0.9 g of polyol are obtained, corre. 
spending to a conversion of 6%. 

FVAMPLE? 

40 [0062] The reaction is carried out under the same 
Sons as example 6. but using a reactton time 0^3 
SSs ° 7 g of poSol are obtained, corresponding to a 
Gonveraonof 16%. 

45 PV AMPLE 8 

mofisi The same procedure is adopted as 
d^bed In example 5. but carrying out the reaction A 
80«C. 2.3 g of polyol are obtained, corresponding to a 
conversion of 16%. 

[0064] The reaction is carried out und^ the same 
. Sonsasexample5.butu8ing02gofc^^^ 
6.10 g of polyol are obtained, corresponding to a con 
version of 63%. 
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FY&MPLE 10 

{00651 The reaction is carried out under the same 
Conditions as example 5. but using 0.06 g of ca^ D 
and a reaction time of 5 hours. 1.91 QOi pciycA are s 
obtained, corresponding to a conversion of 11%. 

FYAMPLE11 

[0066] The reaction is carried out under the same io 
Ldi^ons, as example 5. but using 0.08 g of cstely^E. 
4.36 g of polyol are obtained, con-esponding to a con- 
version of 40%. 



[00671 The same procedure .s adopted ^ 
described in example 5. using 0 85 g of ^ soluhona 1% 
by weight of KOH in ethylene glycol. 2.4 9 <^P°J"^« 
obtained, corresponding to a conversion of PO of 19%. 
. -me KDH present in the reaction mixture .s neutralized 

by adding 0.18 g of NaHCOa. 

FYAMPi F 13 fcomparative) ^ 

[0068] The same procedure 'S^^dopt^ ^ 
Sbed in example 5. using 0.41 g <f -^'^^ 
2 2% by weight of KOH in ethylene glycol. 1 .0 get po^yo 
arrobtained. corresponding to a conversion of PO of 
S.?I^KSHpreseminthereactionmixtureisneutml- so 

ized by adding 0.1 8 g of NaHCOs. 



FYAMPl E Ifi fmmnarative^ 

[0073] 89 mg of iron chloride hexahydrate, 1 .66 ml 
of a 1 M solution of triisobutylaluminum in toluene and 4 
ml of hexene oxide were charged in an inert atm^phere 
into a test-tube. The reaction mixture was put under stir- 
ring for 5 hours at lOCC. . 
rO074] 3.6 g of a brown product with a senn-solia 
insistency, were obtained. The product was sus- 
pended in a solution consisting of 60 ml of acetone 60 
ml of methylethylketone and 1 ml of concerrtrat«l HCK 
The mixture was cooled to O'C. filtered and tfie solid 
i^alned was dried under vacuum. It provedtobeequ^^ 
to 2 19 g. corresponding to a conversion of the mono- 
meMo Slid product of 66%. The use of a»uri™n^M 
and iron chloride generates P^J^'y^^P^^^^. 
which are not suitable for use as intermediates for poly 
urethanes. 



FY AMPLE 1A (mmnarative^ 

10069] The same procedure is adopted as 
described In example 5. but using 0.22 g of FK^a^""' 
antimoniate (KSb{0H)6). There is no polymerization. 

pYAMPLE 1 *: (^mnarative^ 

[0070] 1 .06 ml Of a 1 .57 M solution of methylalum^ 
ioxane in toluene and 4 ml of.hexene oxide v.e^e 
charged in an inert atmosphere into a test-tube. The 

mixture was put under stirring for 5 hours at ^ 

roSril" 3.5 g of a transparent, light-yellow product 
Sth a semi-soM consistency, were obtained. The prod^ 
uct was suspended in a solution "'"^j^^ J^^^.'^^J 
methylethylketone and 1 ml of concentrated HU. me 
Se was cooled to O'C. filtered ^cl Jhe so 
Obtained was dried under vacuum. It provedtol«equal 
to 1.93 g. corresponding to a conversion at the mono 
mer to solid product of 58%. ^^«,rtiallv 
10072] The use of aluminoxanes generates parted^ 
^lidproductswhicharenotsurtablefbruseasintemie- 55 
diates for polyurethanes. 



1 A catalyst which can be used for the synthesis of 
polyol polyethers having general formula (I): 

MlSbOn{OH)2(3.n)]x 

wherein: M represents at least one cation of an ele- 
ment selected from earth-alkaline metate belonging 
to groups IIA. IIIA. VA. or transition metals betong- 
ing to groups IIB. IIIB. VB or VlllB: n represente ^ 
integer between o and 2 and x is an integer 
between 2 and 5. 

2 The catalyst according to daim 1. wherein M is 
■ selected from magnesium. caldum. stror«ium te^^ 
ium. aluminum, tin. titanium, vanadium, cobalt, iron 
and zinc or combinations of tiiese. 

3. The catalyst according to daim 2. wherein M is 
( zinc, aluminum or combinations of these. 

4. A process for the preparation of polyol polyethers 
by the reaction of an alkylene oxide witfi oneor 
more compounds capable of P^^"^"^^^^"^ 
tion of hydroxyalcohol end groups, in the presen^ 
of a catalyst, wherein said process is diaractenzed 
in that the catalyst is represented by formula (I): 

(I) 



MlSbOn(OH)2(3.n)lx 

wherein: M represents at least one 'fon^an el^ 
ment selected from earth-alkaline metate belongmg 
to groups IIA. IIIA, VA. or transition metals bang- 
ing to groups IIB. IIIB. VB or VUIB: n fepresente «i 
integer between 0 and 2 and x is an integer 
between 2 and 5. 



5. The process according to 



daim 4. wherein the 
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alkylene oxide is selected from epichlorohydnn, 
propylene oxide, ethylene oxide, butene oxide or 
their mixtures. 

The process according to claim 4. wherein the corn- s 
pound capable of promoting the fo^niation of 
Sydroxyalcohol end groups, is selected from wjer 
^ly^ctional alcohols with from 2 to 20 ca*on 
atoms, or polyols with a molecular weight of less 
than 1.000 



7. The process according to daim 6. wherein the poly- 
functional alcohols have from 2 to 10 carbon atoms. 

8. Theprocessaccordingtodaime. wherein the com- 
pounds are selected from glycols, diols. arotmtoc 

Siols. aliphatic or aromatic Po'y«"'«t'°"f/™!;°J, 
pentose or hexose sugar derivatives, polyfunctonal 
acids. hydraxyacids.polyfunclional amines. ^ 

9. The process according to claim 8. wherein the gly- 
cols are selected from ethylene, propylene and 
butylene glycol. 

10. Theprocessaccordingtodaim8.whereinme^^^ ^5 
are selected from 1 .3-propaned.ol. 1 .4-butened^l. 

1 6-hexanediol. cydohexanediol. cyclohexaned- 
imethanol, benzenedimethanol. fy*oquinone. 
methylhydroquinone. catechol, resoranol. naphtha- ^ 
lenediol, dihydroxybiphenyl. 

11. Theprocessaccordingtodaim8.whereiMheala^^^ 
hols are selected from glycerine, pertaerythntol. tri- 
methylolpropaneorpyrogallicadd. ^ 

12. The process according to daim 8. wherein the «jg- 
ais are selected from soitjitol. mannitol. glucrtol. 
xylitol, adonitol. 

13. The orocess according to claim 8. wherein the 4 
ISs'^^^ected from sucdnic. gl"^«Jjatonic. 
adipic. hydroxyacetic. hydroxypropionic. hydroxy^- 
tanoic. hydroxyhexanoic hydroxybenzoic. citric, tar- 
taric acid. 

14. Theprocessaccordingtodaim8.wherein*epdy- 

-^r^---«^^sSn:senSr; 

hexamethylenediamine. isophoronediamine. ben- 
zenediamine. diaminobiphenyl. 

15. The process according to <='^"' f ^^"o^l 
quantity of catalyst is between 0.001 and 0.01 
moles per mole of alkylene oxide. 

16. TheprocessaccoKlingtodaim4.whereinttier^ 
tion is carried out at a temperature ranging from 
50»Cto180»C. 



17. The process according to claim 16. wherein the 
temperature is between 80°C and 120»C. 

18 The process according to claim 4. wherein the reac- 
tion is carried out at a pressure which does not 
exceed 8 atmospheres. 

19. TTie process according to daim 18. wherefri tt|e 
reaction is carried out at a pressure whidi does not 
ecceed 6 atmospheres. 

20 The process according to daim 4. wherein the 
metal cation of the catalyst (I) is Zn. Al or combina- 
tions of these. 



21. The process according to daim 4. therein tt^e 
Dolymerization is preceded by a step in which the 
^yst is treated with the initiator at temperatures 
ranging from 25»C to 120-C and for times ranging 
from 0.5 to 30 hours. 
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